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Abstract 

Spectroscopy of nuclei in the mass range A = 76 to A = 130, participating in double beta 
decay processes are studied in the framework of the self-consistent deformed Hartree-Fock (HF) 
and angular momentum (J) projection model. Spectra of ground bands have been studied and 
compared with available experimental results for even-even parent and daughter as well as for 
intermediate odd-odd nuclei. To test the reliability of the wave functions we have also calculated 
the reduced E2 transition matrix elements, electric quadrupole moments and magnetic dipole 
moments for these nuclei. The calculated results are compared with the experimental findings and 
substantial agreement is achieved. 
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I. INTRODUCTION 



One of the most rarer processes of the nature, the double beta decay has unambiguous 
importance in explicitly linking nuclear structure aspects with neutrino physics l|-|3|]. Nu- 
clear double beta decay is a second order process which involved electroweak decay of two 
nucleons simultaneously. The two neutrino mode of double beta decay is a second order 
process and allowed in standard model. It has been detected for nearly a dozen of nuclei (4]. 
The correct theoretical description of these observations serves as a test of various nuclear 
models and also a necessary step to understand the neutrinoless mode. The extraction of 
information is essentially dependent upon the prediction of Nuclear Transition Matrix El- 
ements (NTMEs) involved in these processes. The difference in the configurations of the 
nucleons between initial and final states is a major ingredient of the matrix elements. The 
NTMEs contain the wave function of the initial even-even nucleus in its + ground state and 
the wave function of the final nucleus (usually + ground state but some time also excited 
2 + and + states). These wave functions are connected by proper operators. In case of 
two neutrino mode the summation over all 1 + states of the intermediate odd-odd nuclei is 
required where as for neutrinoless decay the summation over the complete set of the states 
of intermediate nucleus is needed. Therefore it will be necessary to evaluate the structure 
of the initial, final and intermediate nuclei explicitly. 

The most of the nuclei undergoing double beta decay are medium or heavy mass region 
and all of them are even even type, in which pairing degrees of freedom play an important 
role. Moreover it has been conjectured that the deformation plays a crucial role in double 
beta transitions. Hence it is desirable to have a model in which pairing and deformation 
degrees of freedom treated on equal footing in its formalism. The shell model, which attempts 
to solve the nuclear many-body problems as exactly as possible, is always being the best 
choice for model calculations. However, for most of the double beta decaying nuclei the full 
scale shell model calculations are not feasible and the reliability of theoretical predictions 
has been hampered by unstabilities in case of BCS+RPA type treatment. For this purpose 
the angular momentum projected deformed Hartree-Fock (DHF) model is one of the most 
convenient choices. The DHF formalism, the pairing interaction is taken into account by 
mixing particle-hole excitations (2p-2h,4p-4h etc) of K = type across the Fermi surfaces 
over the HF ground state and deformation effects are included in a self-consistent way. 
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Moreover it has been shown [5| that it is possible to get shell model results with angular 
momentum projected DHF calculation by mixing only a few intrinsic configurations built 
by suitable particle-hole excitations across proton and neutron Fermi surfaces. 

Here we have used microscopic many-body self consistent model based on deformed 
Hartree-Fock procedure and subsequent angular momentum projection technique for a reli- 
able description of the nuclear structure of some medium as well heavy nuclei participating 
in double beta decay processes in the mass range A = 76 to 130. Since our aim is to study 
the low-lying spectroscopic properties of the nuclei, we have not incorporated the Coulomb 
effect in our calculations. The inclusion of Coulomb effect will not change the energy spectra 
and electromagnetic matrix elements of individual nucleus rather it will change the energy 
difference between two nuclei. 

In the present article we briefly discuss about the theoretical formalism in Section 2. 
Section 3 contains the discussion about the results obtained from this paper. The conclusions 
are finally given in Section 4. 



II. DEFORMED HARTREE-FOCK AND ANGULAR MOMENTUM (J) PROJEC- 
TION METHOD 

In this section we present briefly the model used for the microscopic calculations. More 
details can be found in Refs. 6|-|9|. Our model consists of self-consistent deformed Hartree- 
Fock mean field obtained with a Surface Delta residual interaction and subsequent Angular 
momentum projection to obtain states with good angular momentum. 

The axially deformed states \rjrn) are expanded in the spherical basis states as follows: 

\ V m) = ^2C jm \jm) (1) 
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where j is the angular momentum of the spherical single particle state and m its projection on 
symmetry axis. The mixing amplitude Cj m are obtained by solving deformed Hartree-Fock 
equations in an iterative process. When the convergence in the HF solutions is obtained we 
get deformed single particle orbits. The residual interaction is also included self-consistently 
and it causes the mixing of single-particle orbits of nucleons. 

Because of mixing in single particle orbits, the HF configurations \(j)K) are superposition of 
states of good angular momentum. The states of good angular momentum can be extracted 



by means of projection operator [l 



P J k M = J dSl D J MK {nf R(Q) (2) 

Here R(Q) is the rotation operator e~ iaJz e~ ll3Jy e~ %lJz and Q represents the Euler angles a, 
[3 and 7. 

The Hamiltonian overlap between two states of angular momentum J projected from 
intrinsic states (j)^ and 4>k 2 is given by: 

2 7+1 1 f w 

H J Ki k 2 = 2 (N j N j )1/2 W sin(P)d J KlK2 (P) (3) 

with 

2 7-1-1 r 71 

= J o dp stn(P)d J KlK2 (P)(<p Kl \e-^\<j )K2 ) (4) 

Reduced matrix elements of tensor operator T L between projected states and i/j^ 2 
are given by 

(Jyh \\ T L\U.J2 \ _ 1 (2J 2 + l)(2Jl + l) 1/2 j 2LJl 

x / ^p stn{P)d J ; K2 {p){4>K 1 \T!;e-^ J y\ct )K2 ) 
J 

where the tensor operator T L denotes electromagnetic operators of multipolarity L. 

In general, two states [ip^f) and projected from two intrinsic configurations \4>Kt) 

and \4>k 2 ) are n °t orthogonal to each other even if the intrinsic states \4>k^) and \4>k 2 ) are 
orthogonal. We orthonormalise them using following equation 

J2( H kk> - EjN J KK ,)b J K , = (6) 

K' 

Here N^ K , are amplitude overlap and h J K , are the orthonormalised amplitudes, which can 
be identified as band-mixing amplitudes. The orthonormalised states are given by 

r M =Y,b j K r K M (7) 

K 

With these orthonormalised states we can calculate matrix elements of various tensor oper- 
ators. 

The spectroscopic quadrupole moment of a state with angular momentum J is given by 



Qs{J) = T^yw, Of ) 1/2 Cf j(^ K \\ £ Q 2 \\H) (8) 

^ ' i=p,n 

where the summation is for quadrupole moment operators of protons and neutrons. 
The gyromagnetic factor (g-factor) of state J is defined as 

9(J) = (9) 

where //(J) is the magnetic moment of state J. The magnetic dipole moment (/i) of a state 
with angular momentum J can be expressed as 

kj) = ( 2j+ i)V2 i > ) (io) 



\t=p,n 



where i=p and n for protons and neutrons respectively, where gi and g s are orbital and spin 
g-factor respectively. The g-factors of gi = 1.0/ijv and g s = 5.586 x 0.5/i7v for protons and 
9i — O^at and g s = —3.826 x 0.5//jv for neutrons are used for the calculations. The quenching 
of spin g-factors by 0.75 is taken in account to consider the core polarization effect III, Il2 |. 



III. RESULTS AND DISCUSSION 

The deformed HF orbits are calculated with a spherical core of 56 Ni, the model space 
spans the IP3/2, 0/ 5 / 2 , lpi/2, 0# 9 /2, 0d 5 / 2 , 0g 7 / 2 , 0d 3 / 2 , 2s 1 / 2 and 0h u / 2 orbits both for protons 
neutrons with single particle energies 0.0, 0.78, 1.88, 4.44, 8.88, 11.47, 10.73, 12.21 and 13.69 
MeV respectively. We use a surface delta interaction [13J ( with interaction strength ~0.36 
for p — p, p — n and n — n interactions) as the residual interaction among the active nucleons 
in these orbits. 

Deformed Hartree-Fock and Angular Momentum Projection calculations are performed 
for some medium-heavy nuclei with mass number A = 76 to A = 130. In our model we can 
calculate the energy spectra and other electromagnetic moments for even-even parents and 
daughter as well as odd-odd intermediate nuclei. This is an interesting feature of our model. 

In contrast to PSM where a large number of configurations is needed to understand 
low-lying yrast spectra, it is found that angular momentum projection (AMP) from a few 
low-lying configurations can reasonably reproduces the yrast-spectra. Sometimes the AMP 
from single K configuration gives fairly good description of yrast structure. This is due 
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to fact that the residual interaction is included self-consistently in the HF calculations, so 
that the HF configurations and various particle-hole configurations built on HF solutions 
are already closer to the solutions obtained from full many body Schrodinger equations. 

The Hartree-Fock solutions for the parent, intermediate and daughter nuclei are given in 
Table HI The values of intrinsic quadrupole moments(Q2o) are given both for proton and 
neutron in unit of harmonic oscillator length parameter, b (= 0.9 A 1 / 3 + 0.7fm). 

TABLE I: Hatree-Fock Solution of the Nuclei 



Nucleus Shape 


Ehf 


(Q20) 


(in b 2 ) 






(in MeV) 


Proton Neutron 


76 Ge 


Prolate 


-45.772 


3.964 


4.659 




Oblate 


-43.672 


-2.995 


-3.439 


76 As 


Prolate 


-48.909 


4.181 


6.712 




Oblate 


-46.819 


-3.675 


-2.952 


76 Se 


Prolate 


-55.613 


4.699 


8.894 




Oblate 


-54.573 


-4.582 


-2.518 


78 Kr 


Prolate 


-72.058 


8.573 


10.372 




Oblate 


-71.054 


-7.274 


-6.739 


78 Br 


Prolate 


-68.389 


8.259 


9.599 




Oblate 


-67.104 


-4.634 


-2.978 


78 Se 


Prolate 


-59.584 


4.711 


7.640 




Oblate 


-57.790 


-4.565 


-3.452 


82 Se 


Prolate 


-64.588 


4.648 


4.865 




Oblate 


-61.932 


-4.626 


-4.020 


82 Br 


Prolate 


-68.428 


3.821 


5.129 




Oblate 


-66.674 


-4.297 


-3.794 


82 Kr 


Prolate 


-77.646 


3.210 


4.789 




Oblate 


-77.107 


-3.767 


-3.330 


96 Mo 


Prolate 


-91.214 


3.745 


5.820 




Oblate 


-90.418 


-2.518 


-3.445 



Continued on next page. . . 
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TABLE I - Continued 



Nucleus Shape 




(Qtd) ( 


in b 2 ) 






(in MeV) 


Proton Neutron 


96 Xc 


Prolate 


-98.572 


4.562 


5.456 




Oblate 


-96.403 


-2.976 


-3.361 


96 Ru 


Prolate 


-106.457 


5.951 


6.037 




Oblate 


-103.387 


-3.406 


-3.795 


100 Mo 


Prolate 


-107.174 


3.694 


5.390 




Oblate 


-105.160 


-2.515 


-1.677 


ioo Tc 


Prolate 


-118.232 


9.857 


10.681 




Oblate 


-112.926 


-3.004 


-3.016 


100 Ru 


Prolate 


-127.008 


6.338 


8.198 




Oblate 


-123.029 


-3.386 


-3.399 


i06 Cd 


Prolate 


-172.047 


6.079 


10.236 




Oblate 


-167.235 


-9.462 


-11.471 


106 A „ 


Prolate 


-166.746 


6.581 


9.761 




Oblate 


-164.073 


-8.909 


-10.966 


106p d 


Prolate 


-159.401 


6.916 


8.847 




Oblate 


-156.593 


-6.728 


-9.381 


iio pd 


Prolate 


-170.686 


6.079 


6.754 




Oblate 


-170.009 


-4.862 


-7.360 


no A 


Prolate 


-183.424 


5.474 


7.796 




Oblate 


-181.197 


-11.114 


-15.346 


110 Cd 


Prolate 


-196.677 


5.621 


9.471 




Oblate 


-192.382 


-12.079 


-14.254 


116 Cd 


Prolate 


-202.919 


6.337 


10.633 




Oblate 


-200.953 


-2.575 


-4.562 


116 In 


Prolate 


-211.305 


10.883 


13.402 




Oblate 


-210.156 


-11.879 


-15.857 



Continued on next page. . . 



7 



TABLE I - Continued 



Nucleus Shape 




(Q20) 


(in b 2 ) 






(in MeV) 


Proton Neutron 


116 Sn 


Prolate 


-220.357 


1.969 


4.177 




Oblate 


-219.197 


-1.183 


-5.466 


124 Sn 


Prolate 


-229.001 


2.899 


3.670 




Oblate 


-228.494 


-2.147 


-4.587 


124 Sb 


Prolate 


-237.729 


2.575 


2.839 




Oblate 


-240.753 


-5.044 


-9.165 


i24 Te 


Prolate 


-246.776 


3.652 


2.008 




Oblate 


-250.869 


-5.649 


-9.108 


i30 Xe 


Prolate 


-267.880 


4.737 


4.587 




Oblate 


-268.664 


-3.716 


-3.670 


130j 


Prolate 


-273.928 


4.806 


4.616 




Oblate 


-274.691 


-3.896 


-7.477 


130 Xe 


Prolate 


-291.346 


5.105 


7.570 




Oblate 


-291.945 


-3.891 


-8.331 



A. Energy Spectra 



(a) 



(b) 



FIG. 1: Energy spectra for 76 Ge and 76 Se nuclei. The experimental values are taken from Ref. 



S 



In Fig. [TJ we have shown the low-lying spectra for the nuclei participating in the double 
beta decay processes of 76 Ge. In case of the odd-odd intermediate nucleus 76 As, the experi- 
mental energy spectra is not known therefore we are also not showing the theoretical spectra 
for these nuclei. For the nuclei 76 Ge and 76 Se we have considered the prolate solutions as 
the prolate solutions are energetically lower than oblate solutions. The angular momentum 
projected results in comparison with the available experimental data are shown in Figured] 



"Se 



(a) 



-0 L 



(b) 



82 Kr 



(c) 

IG. 2: Energy spectra for 82 Se, 82 Br and 82 Kr nuclei. The experimental values are taken from Ref. 
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The energy spectra of 82 Se, 82 Br and 82 Kr are shown in Fig. [2j The angular momentum 
projection results considering the prolate solutions of 82 Se and 82 Br are shown in Fig. [2(a) 
and Fig. 12(b). In case of 82 Kr, the prolate and oblate solutions are degenerate. So for this 
nucleus we have performed the shape-mixing calculation by mixing the prolate and oblate 
configurations. The shape-mixing calculation reasonably reproduces the low lying spectra 
for 82 Kr as can be seen in Fig. [2(c). 
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Ru 



(h) 



(c) 



(d) 



(e) 

FIG. 3: Energy spectra for 100 Mo, 100 Tc, 100 Ru 110 Pd and 110 Cd nuclei. The experimental values 
are taken from Refs. [if], \v\ 



The comparison of calculated and experimental results for nuclei 100 Mo, 100 Tc, 100 Ru, 
110 Pd and 110 Cd are shown in Fig. [3j A fairly good agreement between theoretical and 
experimental spectra is obtained for them. 



The nucleus 116 Cd exhibits a complex structure as it has active protons near Z = 50 
shell closure and active neutrons near the neutron midshell. Our self-consistent calculations 
reproduce the band structure quit well. The compression in the ground band near J = 8h is 
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occurring due to the crossing of 2-proton excitation bands across Z = 50 shell. Apart from 
the ground band we have calculated two excited K = + bands compared with experimental 
results in Fig. @Ja). Similarly we have calculated the ground band for the daughter nucleus 
116 Sn and shown in Fig. IU(b). 

In Fig. [5(a) we have plotted the ground state spectra for 124 Sn. The Te isotopes are 
2 protons above the tin shell closure. The ground band spectra for 124 Te are shown in 
Figs. Mb). In Fig. [6(a), the energy spectra of 130 Te are given. We have used the oblate 
solutions for 128 > 130 Te as they are lower in energy in these two nuclei. The 130 Xe isotope 
shows interesting feature. The interplay between prolate and oblate shapes are observed in 
our calculations. The band spectra for 130 Xe are shown in Fig[H](b). The low spin states 
of this isotope are of prolate shape but for the states above J = 6h the calculations with 
oblate shapes are more closer to the experimental levels. 



Cd 



(a) 



"Si. 



(b) 



?IG. 4: Energy spectra for Cd and Sn nuclei. The experimental values are taken from Refs. 
181 



The nuclei Kr, 96 Ru and 106 Cd are the most promising nuclei among six which can 
decay through all three possible channels of positron double beta decay. In our present 
study we have considered these double beta decay nuclei to study the low-lying spectroscopy 
properties. 

For 78 Kr, the energy spectra are shown in Fig. [7(a). Apart from the ground band we 
have shown the excited K = 2 + band. The signature effect is observed in this band due 
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> 6^ 



-0 L 



(a) 



(b) 



?IG. 5: Energy spectra for 124 Sn and 1 Te nuclei. The experimental values are taken from Refs. 

3 



(a) 



Calc. (Prolate) Expt. Calc. (Oblate) 

(b) 



IG. 6: Energy spectra for 130 Te and 130 Xe nuclei. The experimental values are taken from Refs. 
20] 



to the rotational alignment of z^gg/2- Similarly for 78 Se nucleus, the ground and excited 
K = 2 + bands are shown in Fig. [7(b). For the K = 2 + band the signature inversion is 
observed as a result of band crossing between ^5/2^9/2 decoupled band with K = 2 + and 
K = 1 + . In these nuclei the rotational behaviour of the ground band reproduces quite well 
except the 2 + — > + separation. This is probably due to the fact that in our formalism the 
pairing is not included explicitly which may be important in these nuclei. 



In Figs. M and [9] we have shown the calculated ground band in comparison with experi- 
mentally available results for the nuclei 96 Ru, 96 Mo, 106 Cd, 106 Ag and 106 Pd. Our theoretically 
calculated results are in reasonably good agreement with the experimentally known values. 
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(a) 



(b) 



FIG. 7: Energy spectra for 78 Kr and 78 Se nuclei The experimental values are taken from Refs. 21] 



Mo 



(a) 



(b) 



? IG. 8: Energy spectra for Ru and Mo nuclei The experimental values are taken from Refs. 
22] 



B. Electromagnetic Properties 



We have calculated the reduced transition moments, quadrupole moments and magnetic 
dipole moments. These values are presented in Tables ITT1 and HTT1 

In Table [III we have shown the calculated B(E2; + — > 2 + ) for the ground band of the 
even-even parent and daughter nuclei. The values are calculated for the effective charges 
e p = 1 + eff and e n = e// for protons and neutrons respectively where e// varies for three 
different values 0.4, 0.5 and 0.6. Comparison between theoretical and experimental values 
are also made in this table and we obtained a reasonable agreement for all the nuclei studied 
here except for 116 Cd, 116 Sn and 124 Te. But still our calculated results are much better 
reproduced than the values predicted by some other models e. g. WoodsSaxon model and 
HartreeFock + BCS calculations with the Skyrme SIII force (see Ref. [24| for the values 
calculated with these model) for these isotopes. The nuclei upto A = 82 , the values are 
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(«0 



(c) 



FIG. 9: Energy spectra for 106 Cd, 106 Ag and 106 Pd nucleus. The experimental values are taken 



from Ref. 



23] 



better reproduced by taking e// = 0.5 where as for the nuclei above this mass range the 
values those are calculated with e// = 0.6 are more close to the experimental results. 

The calculated quadrupole moments are given in columns 3-5 of Table HTT1 The values are 
calculated with the same effective charges as in case of B(E2). Experimental values are not 
available for 78 Kr, 78 Br, 82 Kr, 96 Tc, 100 Tc, 106 Ag, 130 I and 130 Xe. In the last two columns of 
Table HTT1 presents the theoretically calculated and experimental results for magnetic dipole 
moments respectively. The spin and parity of the corresponding states are given in Table HTT1 
Our calculations correctly reproduce the sign and the values are reasonably agree with that 
of experimentally observed for most of the nuclei. For 82 Kr and 106 Pd the calculated values 
are different from experimental data by 0.6 and 0.8 respectively. 
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TABLE II: Comparison of calculated and experimentally ob- 
served reduced transition probabilities B {E2: + — > 2 + ). Here 
B(E2) are calculated for effective charge e p = 1 + e e ff and 
e ra = e e ff. In the last column the values marked by * are 



average B(E2) values from Ref. 



24J 



Parent 
Nucleus 




B(E2:0 + -> 


2+) (e 2 b 2 ) 


Daughter 


B(E2:0 + -> 


2+) (e 2 b 2 ) 




Theory 

e eff 


Experiment [24] 


Nucleus 


Theory 

e eff 


Experiment [24] 


0.40 


0.50 0.60 


0.40 0.50 0.60 


76 Ge 


0.195 


0.242 0.295 


0.268±0.008* 


76 Se 


0.311 0.400 0.501 


0.420±0.010* 








0.230±0.035 






0.39±0.26 








0.290±0.030 






0.43±0.06 


78 Kr 


0.521 


0.650 0.793 


0.633±0.039* 


78 Se 


0.200 0.254 0.314 


0.335±0.009* 








0.54±0.13 






0.327±0.007 








0.686±0.030 






0.40±0.07 


82 Se 


0.161 


0.197 0.237 


0.185±0.002* 


82 Kr 


0.155 0.192 0.232 


0.223±0.010* 








0.213±0.019 






0.19±0.05 








0.179±0.019 






0.225±0.009 


96 Mo 


0.138 


0.175 0.216 


0.271±0.005* 


96 Ru 


0.143 0.176 0.212 


0.251±0.010* 








0.310±0.047 






0.268±0.032 








0.302±0.039 






0.236±0.007 


100 Mo 


0.306 


0.394 0.493 


0.516±0.010* 


100 Ru 


0.306 0.390 0.484 


0.490±0.005* 








0.511±0.009 






0.493±0.003 








0.526±0.026 






0.494±0.006 


106 Cd 


0.464 


0.598 0.749 


0.410±0.020* 


106p d 


0.439 0.552 0.679 


0.660±0.035* 








0.47±0.05 






0.689±0.37 








0.384±0.005 






0.59±0.009 


no Pd 


0.498 


0.617 0.750 


0.870±0.040* 


110 Cd 


0.484 0.617 0.767 


0.450±0.020* 



Continued on next page. 
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TABLE II - Continued 



5(£2:0+ -> 2+) (e 2 b 2 ^ 



Parent 

Nucleus Theory Experiment [24 

e eff 

0.40 0.50 0.60 



Daughter B(E2:0 + -»• 2+) (e 2 b 2 ) 
Nucleus Theory Experiment [24 



0.40 0.50 0.60 



0.78±0.12 
0.820±0.080 

116 Cd 0.197 0.237 0.281 0.560±0.020* 

0.501±0.047 
0.608±0.030 

124 Sn 0.0875 0.102 0.125 0.1160±0.0040* 

0.140±0.030 
0.188±0.013 

130 Te 0.149 0.189 0.229 0.295±0.007* 

0.290±0.011 
0.260±0.050 



0.504±0.040 
0.447±0.035 

116 Sn 0.064 0.084 0.106 0.209±0.006* 

0.183±0.037 
0.165±0.030 

124 Te 0.107 0.132 0.160 0.568±0.006* 

0.39±0.08 
0.539±0.028 

130 Xe 0.297 0.377 0.465 0.65±0.05* 

0.631±0.048 
0.640±0.160 



TABLE III: Comparison of calculated and experimentally 
observed static quadrupole moments QiJ 71 ) and magnetic 
dipole moments n(J w ) ■ Here Q(J n ) are calculated for effec- 
tive charge e p = 1 + e e / f and e n = e e f / . 

Nucleus r Q(r) (eb) n(J*) (nm) 

Theory Experiment [25] Theory Experiment [25] 

e _ef£ 

0.40 0.50 0.60 

76 Ge 2+ -0.166 -0.167 -0.168 -0.19±0.06 0.582 0.84±0.05 

0.67±0.08 

Continued on next page. . . 
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TABLE III - Continued 



Nucleus r 




Q(J-) (eb) 




//(J 71 ) (nm) 








Theory 


Experiment [25] 


Theory Experiment [25] 




















0.40 


0.50 0.60 




















n c;f;-|-n 1 9 


76 As 


2 - 


0.249 


0.278 0.307 


7±8 


n 77^ 

-U. I t o 


-u.yuuznu.uutj 














( \c\ Qfi9S-i-n nmn 
i - ju.yuzoztu.uuiu 


76 Se 


2+ 


-0.423 


-0.479 -0.563 


-0.34±0.07 


U.DO 1 


U.olznu.UO 














_i_n s-un 9 


78 Kr 


2+ 


-0.654 


-0.730 -0.806 




n QQS 
u.yyo 


_i_n 8R-i-n D9 














ii ns^n i n 

Tl.UoXU. 1U 


78 Br 


1+ 


0.217 


0.243 0.268 




U.ZDO 


n 1 ^-l-D 
U. lOZtU.UO 


78 Se 


2+ 


-0.405 


-0.456 -0.508 


-0.26±0.09 


n ^/i i 


U. / / ItU.UO 














_i_n Q-un 9 


82 Se 


2+ 


-0.365 


-0.405 -0.444 


-0.22±0.07 


u.yo t 


n QQ-|_n DR 














n Q-|_n ^ 


82 Br 


5" 


0.659 


0.735 0.812 


0.69±0.02 


1 91 fl 


j_i fi97n-i-n non^ 










0.748±0.10 






82 Kr 


2+ 


-0.706 


-0.796 -0.866 




n 9D9 

u.zuz 


n sn-i-n 

U.oUztU.Uo 


96 Mo 


2+ 


-0.334 


-0.376 -0.418 


-0.20±0.08 


qi 


_i_n 7Q-i~n nfi 










or +0.04±0.08 






96 Xc 


7+ 


0.534 


0.605 0.676 




A fil 8 
4.010 


k no-i-n 
o.uyztu.uo 














+5.04±0.08 


96 Ru 


2+ 


-0.338 


-0.375 -0.412 


-0.13±0.09 


1.482 












-0.1±0.2 














-0.2±0.3 






100 Mo 


2+ 


-0.598 


-0.665 -0.738 


-0.42±0.09 


+1.05 


+0.94±0.07 










-0.39±0.08 




+0.7±0.4 



Continued on next page. . . 
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TABLE III - Continued 



Nucleus r 




Q(J-) (eb) 


//(J 71 ) (nm) 








Theory 


Experiment [25] 


Theory Experiment [25] 




















0.40 


0.50 0.60 








ioo Tc 


1+ 


0.214 


0.237 0.260 




1 R8S 
-l.Ooo 




100 Ru 


2+ 


-0.486 


-0.55 -0.614 


-0.54±0.07 


n qs 
u.yo 


ii n9-i-n i ^ 

-(-l.UZinU.lO 










-0.40±0.12 














-0.43±0.07 






i06 Cd 


2+ 


-0.575 


-0.584 -0.654 


-0.28±0.08 


D 7AQ 

u. t 4ty 


_i_n Q-un 9 


106 A 

o 


1+ 


0.189 


0.213 0.238 




lO O/IO 

-t-Z.0410 


_l_9 Q-l-O 9 

-t-z.yztu.z 


106p d 


2+ 


-0.599 


-0.672 -0.745 


-0.56±0.08 


n 7i i 


_i_n sn-i-n r\A 










-0.51±0.07 






110p d 


2+ 


-0.536 


-0.597 -0.658 


-0.62±0.06 


1 1 99 
1.1ZZ 


n A7-i~n it? 










-0.70±0.06 




-U.OOznu.Uo 










0.74±0.06 






no A 

o 


1+ 


0.193 


0.219 0.244 


0.24±0.12 


9 71 ^ 
Z. f 10 


9 7971 — i— o nnns 

Z. / Z / IztU.UUuo 


110 Cd 


2+ 


-0.515 


-0.549 -0.654 


-0.40±0.04 


n ^^7 


_i_n ^7-i-n 1 1 

-|-U.O / ±U. 1 1 










-0.39±0.05 




_i_n ^R^n i n 

-rU.OO^U. 1U 










-0.36±0.08 




u.uzznu. i^t 


116 Cd 


2+ 


-0.334 


-0.365 -0.396 


-0.42±0.04 


-1-1 /LI fi 


_i_n fin^n 1 4 










-0.42±0.08 














-0.64±0.12 






116 In 


1+ 


0.300 


0.335 0.370 


0.11±0.01 


2.7645 


2.7876 


116 Sn 


2+ 


-0.203 


-0.230 -0.258 


-0.17±0.04 


0.358 


-0.3±0.2 


124 Sn 


2+ 


-0.246 


-0.276 -0.305 


0.0±0.2 


-0.246 


-0.3±0.2 


124 Sb 


3" 


0.580 


0.653 0.725 


1.20±0.02 


1.624 


+1.9±0.4 


i 2 4 Te 


2+ 


0.286 


0.318 0.350 


-0.45±0.05 


0.649 


+0.56±0.06 














+0.66±0.06 



Continued on next page. . . 
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TABLE III - Continued 



Nucleus ,r Q{,r) (eb) //(J*) (nm) 



Theory Experiment [25] Theory Experiment [25 

e eff 



0.40 0.50 0.60 



+0.62±0.08 

130 Te 2+ -0.345 -0386 -0.428 -0.15±0.10 0.420 +0.58±0.10 

+0.66±0.16 

130 I 5+ 0.967 1.085 1.202 - 3.708 3.349±0.007 

130 Xe 2+ -0.491 -0.552 -0.614 - 0.611 +0.67±0.02 



+0.76±0.14 
+0.62±0.08 



IV. CONCLUSION 

To summarize, we have quantified the calculated deformed Hartree-Fock wave functions 
by comparing the calculated values with experimental data for a number of nuclear prop- 
erties like band spectra, reduced E2 transition matrix elements, quadrupole moments and 
magnetic dipole moments of nuclei involved in double beta decay processes. A reasonable 
agreement between calculated and experimentally observed quantities make us confident 
about the reliability of the deformed few body wave functions obtained in our microscopic 
self-consistent calculations. These wave functions will further be employed for nuclear tran- 
sition matrix elements calculations of double beta decay transitions. 
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